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Description 

BACKGROUND OF THE INVFNTIOM 



S '"^t" re S ,9S 10 a " an0io,9nsin averting enzyme inhibitor consisting of a peptide having a specified 

number of amino acid residues containing val-Prc-Pro as an effective constituent 

~n e . ang J 0,a . nSh convertin9 enz V" ne ' re,erred <° "erein as ACE. Is mainly present in lungs or vascular en- 
£25? ru f f. °" an 9 lo,8nsin 1 (A»r>Arg-\fel-Tyr-ll 8 -Hb-Pro-Phe-His-Uu) decomposed by reninto IsoSte a 
dipept.de (He-Leu) from t. C-terminal end to produce angiotensin II exhibiting a sLg vasopressor art ton Mta 

« T 8 ^ ^ aC "° n °' a "« Rivaling bradykinin which decreases Wood prrasure Since ACE 

oeo«de I^hT 3 Pep, ! d , e r ^ lnCr8a5eS b ' O0d preSSUre "> also decomposes and 3 

peptide which decreases blood pressure (bradykinin). it exhibits the action of producing a rise In blood pressure S^ch 

™ a te a^. ted '° d8V8lOPmBn ' °' 8 Va " e,y °' 6Ub8,anCBS ^"'^ 8 ™ ^ wS^SS 

* ET? h f T T^' °'? CE '' Mmng na,ural and Slrn,he,ic """stances, inclusive of snake venom have been 
reported o date Such synthesized substance as captopril (D-2-rmthy|.3-merc a pto P ropan 0 y 1 -L-prolZhara1rea* 
beenpu. to practical application as an orally administered vasodepressor. However, ^phj™SaTl^S 
effects in many cases and special attention needs be exercised in safety aspects. ACE inhibitors detive^from foodstuff 

~ n rl " f 'If"'. ' Sh msat pro,ein (bv Hirovukl Uk9 *>. NI PPO" Nogei Kagaku Kaishi (Journal of Japan 
£m Z ^""T »*«*«*>» and Agrochemlstiy). 66(1 ), 25 - 29 (1 992)) have been reported * £■» 

» wim h7sX a " e " 8C,K ' e VaS ° depreSSOr *■* be — » - • mhor dosage 

[000S] Components of lactic acid bacteria have so lar been known to exhibit ACE inhibiting capability or an action 
o producing decreased blood pressure, as reported by Sei Ho In "Medicine and Biology". liaJTKwilSmS 
disclosed ,n Japanese LaidOpen Patent Publicatton No. 2-247127. Besides, a high molecular suriance with a T- 
ecular weight of no. less than 5,000 produced by removing microorganisms and casein 

Son No SSa",t^T? d90r8aS8d b,00d PrSSSUrB " diSCtoS8d ln Japa " as9 U ^ - 
^rgtismf V r9P ° rtS h3Ve " 98n madB ° n ACE inhlbilo,B ° ,h8r than those d8riv ed from 

reooIL z^l X !! P ? P T, Va, ' P '' >Pr0 teS ba9n s y nth98ized **° - -1- as a partial constituent of collagen and 

* EX^moZ^^T^^TZ aXplanati0 " °' ra08mizatol < Ra ° 8- "apaka. R.S. Bhatnagar and D 
, ... ™ "'"POLYMERS, is, 31 7-324 (1976). However, this substance has not been known to exhibit ACE inhihitinr, 
actrvityOn the other hand, the tripeptide Val-Pro-Pro has been difficult to produce by Z^w^^Tl 
demand has been raised towaids development o, a method for producing such tripeptids j£> SSJ^ 

SUMMARY OF THE INVENTION 

40 

1™ ^ ' y .K UnC,IOnal ,00dS,Uff ' ■ nd 8 m8,nod ,or P roducl "9 such ACE inhibitor Pharmaceutical 
« SSy J irC^ 80 ' " ^ Pre8Bn, ' nV8n,IOn *° a ™ ,hod ln inh,b»or may be produced 

[o™ Acc^rto^et esen!? 18 "I-*" ST* W ™ b8C0m9 apParenl fram the ,ollowi "9 Ascription 

PREFERRED EMB ODIMENTS OF THE INVFNTIOM 
SS rnnlS ^fP res l"' invention will be described in more detail herelnbelow. 
ceuticaliy accept J£ s^aX^^ 
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ofl^^rJ^ t0 H V&, t ro " Pro „ are P ' e ' erably " nk9d ,0 »» N<eminat 5ide - *■»». « * Purred that the number 

S P p BPtidBS ° r Sa " 8ddUC,S mer80 ' may be used alOTa « " combination ' **" 

to the present ,„ven.,on. may be produced no, onry by the method o. Represent Invention as to^TSES 
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Example 1 

Preparation of Fermented Milk a 

[0022] 9 g of defatted skim milk powders were dissolved in 100 g of water. After pasteurization at 115»C for 20 
minutes, the solution was cooled to fermentation temperature, and inoculated with Lactobacillus helveticus JCM-1004 
using a platinum loop wire. A primary starter <pH. 3.5), containing 5 x 10* lactic acid bacteria per ml of the solution 
was prepared by cultivation at 37«C for 24 hours. 180 g of defatted skim milk powders were dissolved in 2 kg of water 
to give an aqueous solution, which was then pasteurized at an elevated temperature of 90°C. After cooled to fermen- 
tation temperature, the pasteurized solution was inoculated with the above-mentioned primary starter Cultivation was 
continued at 37'C for 24 hours to give a secondary starter. 4.5 kg of defatted skim milk powders were dissolved in 50 
kg of water and pasteurized at an elevated temperature of 90-0. The resulting solution was cooled to fermentalion 
temperature and inoculated with the aforementioned secondary starter. Cultivation was continued at 37 B C for 24 hours 
to produce approximately 56 kg of fermented milk a. 

Quantitation of Peptide b (Val-Pr o-Pro) Contained in Fermented Milk 

[0023] 5 ml of the aforementioned fermented milk a were centrif uged at 1 0.000 rpm for five minutes, and a resulting 

Z P *nuTl u^o^ 8 ^ 10 8 C °' Umn C ° ntainin9 1 9 ° f "AMBERLITE XAD-7-, a trade name of a resin manufactured 
by ROHM & HAAS CO The content of the column was washed with 5 ml of water and mixed with a non-adsorbed 
traction. The resulting mixture was charged into a combined column made up of two columns "SEP-PAK C1 8' a trade 
name of a column manufactured by WATERS INC. and washed with 5 ml of distilled water. After elution of the adsorbed 
S™1 methanol, the resulting product was concentrated by a centrifugal concentrator ("MODEL CC-1 01 - 
I UMY SEIKO CO., LTD.) and f reeze-dried under reduced pressure. The resulting dried mass was dissolved in a 0 05 
mol of an ammonium acetate buffer (pH 6.89) and subjected to separation by HPLC using a column ■GS320HQ" a 
tirade name of the product manufactured by ASAHI CHEMICAL INDUSTRY CO., LTD. equilibrated by the same buffer 
The peptete eluted at a flow rate of 0.6 mlmln. The peak with the elution time of 14.5 to 1 5.5 minutes was fractionated 
and quantitated under the following conditions: 

30 Conditions of Quantitation 

[0024] 



25 



35 



40 



45 



SO 



55 



Column: n BONDASPHERE 5u.C1 8. manufactured by WATERS INC 

Conditions of Elution: Solution A, a 0.1 wt% aqueous solution of TFA; solution B, acetonitrile containing 0.1 wt% 

Gradient elution <B/A + B) x 100(%) : 0 % to 40% (60 minutes) 

Flow rate, 1 m[/min; Detection: absorption of ultraviolet rays at 215 nm. 

I^toil?^ 1 ? ^n!!? 9 P8 S id6 K aS 3 th9 W9i8ht ° f th8 P6ptide * contained in the ™™ *» calculated. 

It was found that 1 .65 g of peptide b was contained in 56 kg of the fermented milk a 

Preparation of Peptide b 

S out 0 ' PUr " y ' n9 P6Pt ' de C0main9d " ' 9SUI,ln9 ' ermSn,ed mllk a ' ,hs ,oltowi "3 P"«ta*n process was 

[0027] p liter of the fermented milk a were adjusted with a 10N NaOH solution to a pH value In the vicinity of 7 3 

H^S CO 1h f° Ut 1 «" V f8Sin manuf ™ «* trade name of "AMBERUTE SS^K^I 
HAAS CO. and subsequently with distilled water to give a total volume equal to about 80 liter The result o,^ 

MM water, the res,n was added to 1 liter of methanol and agtetedfor 30 minutes. The results Zduc was fMe ed 
? e Z*nmZ°l S 200 TOSh , SiZe "* suteB <^"tly «— "nder reduced pressure using a hS, pTpe ^e 

^XS^^^Sf,^ "2 m ' a J eSln "OHM & HAAS CO. under theSe 

^eslno S^ B ^S ,) I 89 W " h 3 SpatU ' a for 6liminatln9 ,hB yeltowish ,int <* lhe *m 
to nH 7 mIo L i m ^ !. dUCed t " eSSU,a U8ins a hard fll,8r P a P 8r and «» resulting nitrate was adjusted 

l P nXofdls« a |ed^^° aadS0Uli0n and The resulting dried product was^lssotved n a sll 

quantity of distilled water and charged into a column manufactured by PHARMACIA FINE CHEMICALS CO under the 
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trade name of "SEPHADEX G-25". The resulting product was eluted with distilled water and an active fraction was 

T2n^l\T:: ted h r*** 50 mg of The dried wsre diss °^ * * °-° 5 m ^ 

nate of"sP SEPHAHp? "r^ £° 8 ^~ actured b V PHARMACIA FINE CHEMICALS CO. under the trade 
name of SP-SEPHADEX C-25" equilibrated with the same buffer for elution by the buffer. The active fraction was 
co lected and freeze<med. The resulting freeze-dried mass was dissolved in a minor quantJty of a 0 1 «rt % a— 
soiuUon of TFA and subjected to separation using high speed high performance l^ehnLo^^pt^ 

Tms^A^^ by YAMAMURA CHEM| CAL LAB. CO., LTD. under the trade name of 

YMS PACK A-302 was used, and separation was carried out at a linear gradient of 0 to 40% (60 minutes) usina 
2-propano^cetonitnle containing 0. 1 wt% of TFA at a ratio of 7:3 as a solvent, to produce 1 mg ol pe P ™e ^havinTf 
sole peak and exhibiting ACE inhibiting activity. H mgoi peptide D having a 

[0028] The resulting peptide b was analyzed in accordance with the following methods. 



Amino Acid Composition 



an 10 C lor 24 hours. The resulting product was analyzed as to its composition by a ninhydrin coloration method usino 
an analyzer manufactured by HITACHI LTD. under me trade name of "HITACHI L-8500 TYPE AMINO AcTaNALYZ 

ER . The Val-Pro molar ratio was found to be 1 .00 : 2.08. «™«i_t<. 



zo Amino Acid Sequence 

LH.Mln^rT^r^ 6 ? 6 ^ 6 31 the N "' emlnal analyzed measured usi "9 an analyzer manufactured by 
h 6 " ame " SHIMADZU PRO TE'N SEQUENCER PSQ-V. It was found that the N 

terminal amino acid sequence was Val-Pro-Pro. 

Measurement of ACE Inhibiting Activity 

[0031] The ACE inhibiting activity was measured in accordance with the method by Cushman and Cheuna as de- 
scribed m D. W. Cushman and H. S. Cheung, Biochem. Pharmacol., 20 1637 (1971) 9 
[0032] The samples of peptide b, prepared as above, were adjusted to concentrations of 1 2.5, 25 0 50 0 100 and 

fZf^ U , T 01 ^ aCid bUff6r C ° n1aining °" 3 M Nacl ' P H ™« char ^ in amounts of 0 08 m in fest 
1 n h ' PPUfyl h,Stidyl ,eUCine ( Hi P-His-Leu. manufactured by SIGMA CHEMICAL CO 1 adiusted ta 5 1m 

with a 0.1 M borfc acid buffer containing 0.3 M NaCI, P H 8.3, and 0.02ml of an aJ^^'S^Zl Q , 

t U ube aTdT^r^ ^ S ' GM ^ CHEMICAL CO.) were added in this order as a substrate to itoZ^J^n 
n th« < ? ^ CamSd ° Ut at 37 ° C f0r 30 minutss - 0 25 ml ° f 1N hydrochloric acid was subsequent^ added 

absorbance at 228 nm of hippuric acid free of enzyme and sample (peptide b) ^ 
P eZ fcS^SrS T ' nhiMOr " ParCen ' ^ ^ ,0Und - ™ «*» 01 IC *> * «» 

Measurement of the Vasodepressor Antion on Oral Administratis .„ R a . 

Sd. ^ VaS ° depr8SSO ' aCti0n °« ,he resul «"9 fermented milk a and peptide b was measured by the following 

RIBEH JAP^rw ^ perte " sive / a,s (SHR) ( ' 0Ur h "* 9raup) ' "* 26 «eeks of age. furnished by CHARLES 
INC under fh» TO?/"* k9P '' by M " B ,ed *** wlth wat9r ™« manufactured I by CLEA JApf N 

« + ^1. 7 °' ° E " 2 ' in an animal "x*" maintained at a temperature of 23 ± 2'C aXd a humW^ 
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T^^^^^^rr * B bkxx> pres6ure ""^ b *- administra,ion - ,ha « a, "» 

TABLE 1 



Sample 


After 4 hrs. 


After 8 hrs. 


Physiological Saline (control) 


-O.SmmHg 


-2.4mmHg 


Fermented milk a 


-37.0mmHg 


-31.5mmHg 


Peptide b 


-32.0mmHg 


-26.5mmHg 
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cn L. , ? ,9 ™>nted milk a , produced In Example 1, s kg of a resin manufactured by ROHM & HAAS 

^ . ' IT " AMBERL,TE *>IW were added. The resulting mixture was agitated for 90 minutesat 

LTJ! ZTT, . ,B ™ d by 8 bl8aChBd Cl0th 10 recoV9r th9 resi "- After washing with lOta c^irT^ 
was added to is liter of ethanol and agisted for 30 minutes. The resulting producl filtered using a mesh sfze 

cemra^ "? T' "* C8d P ' 9SSUre Ush 9 a haid fll,er l-P« ^h. result filtrate cTn 

Z n^fl Pr9SSUre 81 5S ' ° by Sn BVap ° rat0f and to gh/e about 3.1 g of peptide Zders 

IZSZmrZ" d ° y 8 m8,hDd SimBar '° ,hat us9d ,or of the peptide b S 

the fermented milk a of Example 1 . and were found to contain 0.4 g of peptide b coniainea m 

[0038] 40.0 parts by weight of lactose, 34.8 parts by weight of sucrose, 5.0 parte" by welqht of traoacanth o„m ^„ 
and 0.2 par, by weigh, of peppermint oil were mixed together. A solution h *loh ™^t?K<5£ W 
powders were dissolved In 20.0 parts by weight of distilled water was added to the Cutting mZeld beaded 
thoroughly. The resulting kneaded product was spread on a glass plate sprinkled with starch to" sheeTS 
was subsequently punched by a matrix and dried to produce lozenges each weighing 1 g. 

Example 3 

Synthesis of Phe-Leu-Val-Pro-Pro 

2, ™l m ™l °' R "° c " Leu rasin and 9ach 01 ™°l <* Fmoc-Phe, Fmoc-Pro, Fmoc-Pro and Fmoc-Val were 
PheLaul^ 

r„«^ r r ^ ree ' n *** 8 y mhesi2ed ' U6| "9 a condensation agent PyBOP (benzotriazol-l-y^oxv *ta tow 

xii^zZmir:^' re8ui,ins res,n - - «™ - 1 - - ^ « 

[0040] After a step of desorptlon from the resin by a mixed solution of anisole-1 , 2-ethanedithiol-TFA ( 5 - 1 • qa\ th« 
Amino Acid Composition 

^ °* me P eptide ^ dissotved in constant-boiling 6N hydrochloric acid and hydrolyzed at 1 1 0'C for ?4 

The peptide was found to be composed of Va, : Z Uu K pT= 2 00 M 06 1 08. ™™ " ™ ^ 

Amino Acid Sequence 

^msB^mm^vZTff ma " U,ac,ur8d b * SHIMADZU CO. under the trade name o, SHIMAD2U 
UN SEQUENCER PSQ-1 . the peptide was found to have an amino acid sequence of Phe-Leu-Val-Pro-Pro 
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Chemical S ynthesis of Other Val-Pro-Pro Containing Peptides 

[0044] Val-Pro-Pro, Val-Val-Pro-Pro, Val-Val-Val -Pro-Pro. ProVal-Val-Val-Pro-Pro, Leu--mr-Gln-Thr-Pro-Val-Val-Val- 
Pro-Pro, Uu-Val-Pro-Pro, Pro-Val-Pro-Pro and Ala-Pro- Val-Pro-Pro were synthesized in accordance with synthesis of 
s Hne-Leu- Val-Pro-Pro mentioned above. 

Measurement of ACE Inhibiting Activities 
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[0045] For each of the peptides synthesized by the above-mentioned method of chemical synthesis, the values of 
\Cso were measured m the same way as in measuring the ACE inhibiting activities in Example 1 . The results are shown 
in [3DJ0 2* * 



TABLE 2 



Synthesized Peptides IC 5o (uM) 



Phe-Leu-Val-Pro-Pro X 2 
Val-Pro-Pro 

25 Val-Val-Pro-Pro 

Val-Val-Val-Pro-Pro 



9 

285 
873 



Pro-Val-Val-Val-Pro-Pro 117 



Leu-Thr-Gln-Thr-Pro-Val-Val-Val-Pro-Pro 
Leu- Val-Pro-Pro 

Pro -Val-Pro-Pro 

Ala-Pro- Val-Pro-Pro 



160 
125 
181 
627 



Claims 



*' P^T^'l'lr^ 1 fT?" >W » >«n th 9 group comprising Val-Pro^ro Val-Val- 

3 ' SS to 8hher **" 1 2 Whereh «" — « <™ ~.orat 9 , sulpbate. succinate, 

hibtor! 8 P8P,ide aCC ° r * 9 *° ^ Ctaim for ,he - - -giotensin-convert^ enzyme in- 

S. Use o. a peptide according u> any preceding claim to, the manufacture of a physiologic^ functional foodstu, for 
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reducing blood pressure. 

6. Use of a peptide according to any preceding claim for the manufacture of a physiologically functional foodstuff for 
inhibiting angiotensin-converting enzyme. 

7. A process for the preparation of a pharmaceutical, physiologically functional foodstuff or fermented foodstuff com- 
prising fermenting a foodstuff material containing a peptide including a sequence Val-Pro-Pro with lactic acid bac- 
eria under conditions to produce 1 to 4mg of a peptide according to any one of claims 1 to 3 per 100ml of the 

fermented foodstuff material. K 

8. The process of claims wherein said foodstuff material is selected from whole animal milk, defatted animal milk 
themoT 91 "' C ° rn ' Pr ° tein " Wh9at ' Wheat Pr0t9in ' SOybean ' d6fatt8d S ° yb9an ' 60ybean and mbtture s 



presence of yeast. 



9. The process of either of claims 7 or 6 wherein said foodstuff material is fermented in the 

1 \ T Jirc:rr g ^ 

l~ZX agent ™ ? * " " pl " U,ical °' I****-* <~! load** is a blood 
Patentanspruche 

1 ' »«nHf; n ^ a " end . 3 blS 1 ? * ni ™ Su «»«*<<». einschliaBlich der Sequenz Val-Pro-Pro, und Salza davon zur Ver- 

Z, p?o T TTT Physi0l °9 isch wirt(sames Nahrungsmittel. mil der MaBgabe, daB das PepM 
nichtPyr-Gly-Trp-Pio-Gly-Pro-Lys-Val-Pro-Proist. P 

2 ' pTvt"™ ™ pTp 1 ' , W ° b l da ~ PePtW aus 9 ewahlt isl aus ^Pro-Pro, Val-Val-Pro-Pro, Vat-Val-Val-Pro-Pro 
Pro-WI-^l-Val-Pro-Pro, Leu-Thr-QIn-Thr-Pro-Val-Val-Val-Pro-Pro. L S u-Val-Pro-Pro, Phe-Leu-Val-Pro-Pro pT 
Val-Pro-Pro und Ala-Pro-Val-Pro-Pro. und Salzaddukte davon. ' 

3 ' Tartar 11 A " SPrUOh 1 2 ' """^ d '° 83128 aU59SWah,t Sind aUS ^"1°-. Sul.at, Sucdnat, Citrat und 
4 ' SS^^S^'"* e ' nem *' *-P**» .Or die Hers,e„un 9 eines AnglCens.- 

5 - sxsrr^isr Ansproche ,or die Herateiiun8 — *«« 

Peptides nach einen, der AnsprOene , bis 3 pro ,00 m, des 1*«^uL££Z^Z!£ 

nenproteir, und £Z<^n^ ' Weizenproteln, So)abohnen, entfetteten Sojabohnen, Sojaboh- 

9 ' J2?tT " aCh 8inBm AnSPr ° Che 7 ° d " * WOb9i ^ ^"^ng.mweima.aria, in Qegenwar, von Here fermen- 
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10. Verfahren nach einem der Anspriiche 7 bis 9, wobei das Arzneimittel Oder das physiotogisch wirksame Nahrungs- 
mittel ein Angiotensln-Converting-Enzym-lnhibitor ist. 

1 1 . Verfahren nach einem der Anspriiche 7 bis 9, wobei das Arzneimittel oder das physiologisch wirksame Nahrungs- 
mittel ein btutdruckssnkendes Mitt el ist. 



Revendicatfons 

1. Peptide contenant de 3 a 10 residus d'acides amine*s. y compris la sequence Val-Pro-Pro, et ses sels, pour utili- 
sation en tant que produit alimentaire a fonctionnalite" pharmaceutique ou physiologique, a la condition que ledit 
peptide ne soit pas Pyr-Gly-Trp-Pro-Gly-Pro-Lys- Val-Pro-Pro. 

2. Peptide selon la revendication 1 , dans lequel ledit peptide est choisi dans le groupe comprenant val-Pro-Pro, Val- 
val- Pro-Pro, Val-Val- Val-Pro-Pro, Pro-Val-Val-Val-Pro-Pro, Leu-Thr-Gln-Thr-Pro-Val-Val-Val-Pro-Pro, Leu-Val- 
Pro-Pro, Phe-Leu-Val-Pro-Pro, Pro- Val-Pro-Pro et Ala-Pro-Val-Pro-Pro, et ses sels d'addition. 

3. Peptide selon la revendication 1 ou 2, dans lequel lesdits sels sont choisis parmi les chlomydrates, sulfates, suc- 
cinates, citrates et tartrates. 

4. Utilisation d'un peptide selon I'une quelconque des revendications precedsntes, pour preparer un inhibiteur de 
I'enzyme de conversion de I'angiotensine. 

5. Utilisation d'un peptide selon I'une quelconque des revendications preoedentes, pour preparer un produit alimen- 
taire a fonctionnalite" physiologique pour require la pression sanguine. 

6. Utilisation d'un peptide selon Tune quelconque des revendications precSdentes, pour preparer un produit alimen- 
taire a fonctionnalite physiologique pour inhiber ['enzyme de conversion de I'angiotensine. 

7. Procede" de preparation d'un produit alimentaire ou d'un produit alimentaire ferments' pharmaceutique, a fonction- 
nalite physiologique, comprenant une etaps de fermentation d'un produit alimentaire contenant un peptide englo- 
bant la sequence Val-Pro-Pro avec des ferments lactiques dans des conditions permettant de produire 1 a 4 mg 
d'un peptide selon I'une quelconque des revendications 1 a 3 pour 100 ml du produit alimentaire fermente\ 

8. Procede selon la revendication 7, dans lequel ledit produit alimentaire est choisi parmi le lait animal entier, le lait 
animal degraisse\ la caseins du lait, le maTs, la proteins du maTs, le ble. la proteins du ble, ie soja. lesoja degraisse, 
la protGine du soja et leurs melanges. 

9. Procede selon I'une quelconque des revendications 7 ou 8, dans lequel ledit produit alimentaire est ferments en 
presence d'une levure. 

10. Process selon I'une quelconque des revendications 7 a 9, dans lequel ledit produit alimentaire pharmaceutique 
ou a fonctionnalite physiologique est un inhibiteur de i'enzyme de conversion de I'angiotensine. 

11. Procede selon I'une quelconque des revendications 7 a 9, dans iequel ledit produit alimentaire pharmaceutique 
ou a fonctionnalite physiologique est un agent hypotenseur. 
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